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ABSTRACT 
Pregnancy diagnosis plays important role in modern goat management, especially when 
technologies such as artificial insemination and embryo transfer are employed in goat. 
Accurate pregnancy diagnosis may provide essential information for effective herd 
management in farm animals (Doize et al., 1997). This study was carried out with the 
following objectives: a) to determine accuracy of pregnancy prediction by using ultrasound 
scanner, b) to determine the criteria for single and twin pregnancies using ultrasound 
scanner, c) to predict the gestation age based on ultrasound scanning using constructed 
regression equation, d) to compare the efficacy of two different probes on pregnancy 
diagnosis and e) to determine the effect of breeds and unknown date of mating on 
pregnancy diagnosis, using ultrasound scanning. Pregnancy diagnosis was conducted using 
real-time B-mode ultrasound scanner with transrectal (7.5 MHz) and transabdominal (5.0 
MHz) probes. Experiments 1 and 2 were conducted as preliminary studies on detection of 
pregnancy-related structures and their echogenicity. Experiments 3 and 4 were designed 
for echogenicity and size measurement of pregnancy-related structures, using both probes 
as well as to derive equations for gestational age estimation. Flock test was conducted in 
Experiment 5 to test the accuracy of gestational age estimation equations derived from 
Experiments 3 and 4. Embryonic vesicles with foetus and foetal heart were detected on 
week 4 and week 5 of gestation, respectively. Single and twin foetuses were differentiated 
between weeks 4 to 7 and weeks 5 to 10 of gestation, respectively. Both probes firstly 
detected placentome on week 7 of gestation and measurable up to the delivery day (week 
21 of gestation). Foetal heart measurement was possible starting from week 8 of gestation, 
owing to the changes in echogenicity of the foetal heart. Transrectal probe visualised foetal 
heart up to week 10 of gestation, while transabdominal probe until week 21 of gestation. 
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Skeletal structures, such as foetal head, were first viewed on week 6 and week 7 of 
gestation using transrectal and transabdominal probes, respectively. From Experiment 5, 
polynomial relationship between foetal heart area and gestational age (single pregnancy: y 
= 0.033x2 - 0.129x - 0.842; twin pregnancy: y = 0.088x2 – 1.501x + 7.274; where y: heart 
area (cm2), x: gestational age (week)) gave highest accuracy with 58% accuracy for 1 week 
delivery difference and maximum accuracy of 94%, of which does delivered within 3 
weeks difference from estimated date. Equation for gestational age estimation from 
placentome diameter derived from current research data (y = -0.016x2 + 0.605x - 1.759; 
where y: placentome diameter (cm), x: gestational age (week)) only gave 8% and 38% 
accuracy, respectively. In summary, transrectal probe is reliable to detect pregnancy and 
estimate gestational age from weeks 4 to 10 of gestation, while transabdominal probe from 
weeks 5 to 21 of gestation. Foetal heart is proved to be a reliable indicator for 
determination of foetal number, viability of foetus and gestational age of goats. It is hoped 
that, in the near future, the outcomes of ultrasound scanning studies on pregnancy 
diagnosis will complement efficiently with other farm management practices for goat 
industry. 
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ABSTRAK 
Diagnosis kebuntingan memainkan peranan penting dalam pengurusan ternakan kambing 
terutamanya apabila teknologi seperti permanian beradas dan pemindahan embrio 
diaplikasikan ke atas ternakan. Kajian ini dijalankan dengan objektif a) untuk menentukan 
ketepatan pengesanan kebuntingan dengan menggunakan pengesan ultrabunyi b) untuk 
menentukan kriteria kandungan tunggal dan kembar menggunakan pengesan ultrabunyi c) 
untuk menentukan usia kandungan melalui persamaan regresi d) untuk membandingkan 
keberkesanan kedua-dua jenis prob ke atas diagnosis kebuntingan e) untuk menentukan 
kesan baka dan ketiadaan maklumat pembiakan kambing ke atas diagnosis kebuntingan 
dengan pengesan ultrabunyi. Diagnosis kebuntingan dijalankan dengan menggunakan 
pengesan bunyi real-time B-mode yang dilengkapi dengan prob transrektal (7.5 MHz) dan 
transabdominal (5.0 MHz). Eksperimen 1 dan 2 merupakan kajian awal untuk pengesanan 
struktur berkait kebuntingan dan ekogenisitinya. Eksperimen 3 dan 4 dirangka untuk kajian 
ekogenisiti dan pengukuran saiz struktur berkait kebuntingan serta menerbitkan persamaan 
regressi. Ujian flok dijalankan dalam Eksperimen 5 untuk mengkaji ketepatan persamaan 
regressi dari Eksperimen 3 dan 4. Vesikel embrionik dengan fetus dan jantung fetus 
dikesan pada minggu 4 dan minggu 5 kebuntingan dengan prob transrektal dan 
transabdominal. Bilangan fetus boleh ditentukan antara minggu 4 hingga 7 dan minggu 5 
hingga 10 kebuntingan, masing-masing. Kedua-dua prob pertama kali mengesan plasentom 
pada minggu 7 kebuntingan dan boleh diukur hingga hari kelahiran (minggu 21 
kebuntingan).  Pengukuran jantung fetus hanya boleh dijalankan mulai minggu 8 
kebuntingan, dengan perubahan ekogenisiti jantung. Bagaimanapun, prob transrektal cuma 
boleh mengesan jantung sehingga minggu 10 kebuntingan, manakala prob transabdominal 
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hingga minggu 21 kebuntingan. Struktur bertulang, seperti kepala fetus, pertama kali 
dikesan pada hari minggu 6 dan minggu 7 kebuntingan menggunakan prob transrektal dan 
transabdominal, masing-masing. Dari Eksperimen 5, perhubungan polinomial antara 
jantung fetus dan usia kebuntingan (Kebuntingan tunggal: y = 0.033x2 - 0.129x - 0.842; 
Kembar: y = 0.088x2 – 1.501x + 7.274; di mana y: saiz jantung (cm2), x: usia kebuntingan 
(minggu)) memberikan ketepatan tertinggi untuk perbezaan tarikh kelahiran seminggu iaitu 
58% dan ketepatan maksimum 94% untuk kelahiran dalam tempoh masa 3 minggu dari 
tarikh jangkaan. Persamaan dari diameter placentum (y = -0.016x2 + 0.605x - 1.759; di 
mana y: diameter placentum (cm), x: usia kebuntingan (minggu)) memberikan ketepatan 
8% dan 38%, masing-masing. Kesimpulannya, prob transrektal boleh sesuai digunakan 
untuk mengesan dan menentukan usia kebuntingan dari minggu 4 hingga 10 kebuntingan, 
manakala prob transabdominal dari minggu 5 hingga 21 kebuntingan. Jantung fetus 
terbukti sebagai petunjuk yang berkesan untuk penentuan bilangan fetus, mati-hidup fetus 
dan usia kebuntingan kambing. Adalah diharapkan supaya pada masa depan, penemuan 
dari kajian diagnosis kebuntingan menggunakan pengesan ultrabunyi ini akan membantu 
dalam pengurusan ladang yang efektif bagi industri kambing. 
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pregnancy diagnosis in does using transrectal (Experiment 3) and 
transabdominal (Experiment 4) probes. 
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Figure 3.10 A schematic overview of gestational age estimation based on 
analysis of pregnancy-related structures in does (Experiment 5). 
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Figure 4.1 A) Original image of an open doe via transrectal ultrasonography. 
No pregnancy related structure detected. Ovary with follicle could 
be detected easily. B) Labeled image of ovary (arrow: →) and 
follicles (arrows: ←) as detected in non-pregnant does. 
 
73 
Figure 4.2 A) Original image of pregnant doe as visualized by via transrectal 
ultrasonography (presumed day 21 of pregnancy). Embryonic sacs 
were detected at 3 to 5 o’clock direction to the urinary bladder. B) 
Labeled image of detected embryonic sacs (arrows). 
 
74 
Figure 4.3 A) Original image of pregnant doe as visualized by via transrectal 
ultrasonography (presumed day 30 of pregnancy). B) Labeled image 
of detected foetus (arrow: →), foetal heart (arrow: ←) and umbilical 
cord (arrow: ↓). 
 
75 
Figure 4.4 A) Original image twin foetuses as visualised by via transrectal 
ultrasonography (presumed day 30 of pregnancy). B) Labeled image 
of detected foetuses (arrows). 
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Figure 4.5 A) Image of an open doe via transabdominal probe. No pregnancy-
related structure detected. B) Labeled image.  
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Figure 4.6 A) Original image of foetus as detected using transabdominal probe 
(presumed day 29 of gestation). B) Labeled image of foetus detected 
(arrow). 
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Figure 4.7 A) Original image of foetus as detected using transabdominal 
transducer (presumed day 44 of gestation). Placentomes were 
detected around the embryonic fluid enclosing foetus. B) Labeled 
image of foetus (arrow: →) and placentomes (arrow: ↑). 
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Figure 4.8 A) Original image of foetus as detected using transabdominal probe 
(presumed day 75 of gestation). Placentomes were detected around 
the embryonic fluid enclosing foetus and heart detected as grey 
coloured structure with fast rhythmic beating enclosed within 
thoracic area. B) Labeled image of foetus (arrow: →) and 
placentomes (arrow: ↑). 
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Figure 4.9 Image of foetus as detected using transabdominal probe (presumed 
day 119 of pregnancy). Heart detected (arrow) as grey-black 
coloured structure with slower rhythmic beating as compared to 
earlier stage of pregnancy. A) Original image, B) Labeled image. 
 
81 
Figure 4.10 A) Original image of placentomes as detected using transabdominal 
probe (presumed day 147 of pregnancy).  B) Labeled image of C-
shaped placentomes (arrows). 
 
82 
Figure 4.11 A) Foetal heart (arrow: ←) and V-shaped thoracic area (arrows: →) 
at gestational age of approximately 60 days. A) Original image. B) 
Labeled image. Gestational age was confirmed to be accurate from 
the actual mating date. 
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Figure 4.12 Foetal heart (arrow: →) V-shaped thoracic area (arrows: ←) at 
gestational age of approximately 120 days. A) Original image. B) 
Labeled image. Gestational age was confirmed to be accurate from 
the delivery date. 
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Figure 4.13 Placentome (arrow) at gestational age of approximately 60 days 
appear as echogenic structure. A) Original image. B) Labeled image. 
Gestational age was confirmed to be accurate from the actual mating 
date. 
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Figure 4.14 Placentome (arrow) at gestational age of approximately 120 days 
appears as less echogenic structure (grey colour instead of white). 
A) Original image. B) Labeled image. Gestational age was 
confirmed to be accurate from the delivery date. 
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Figure 4.15 Single foetus at day 23 (week 4) of pregnancy. A) Original image 
detected foetus (arrow). B) Labeled image of the detected foetus 
(arrow). 
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Figure 4.16 Twin foetuses as observed on day-23 (week 4) of pregnancy. A) 
Original image of the detected foetuses. B) Labeled image of the 
detected foetuses (arrows). 
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Figure 4.17 Foetus as observed on day-38 (week 6) of pregnancy. A) Original 
image. B) Labeled image: foetal head (arrow: ↓), umbilical cord 
(arrow: →), leg (arrow: ←) and heart (arrow: ↑) can be detected. 
 
108 
Figure 4.18 Foetus as observed on day 46 (week 7) of gestation. Foetal head, 
umbilical cord, leg and heart can be detected easily. Foetal head was 
well differentiated from foetal trunk at this age. A) Original image. 
B) Labeled image: head (arrow: →) and leg (arrow: ←). 
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Figure 4.19 Foetus as observed on day 53 (week 8) of gestation. Foetal heart 
shape, thoracic area and foetal trunk can be accessed. Foetal heart 
colour changed from white to grey, results in definable shape. A) 
Original image. B) Labeled image: heart (arrow: →) and ribs (arrow: 
←). 
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Figure 4.20 Image recorded on day 65 (week 10) of gestation. Foetus and foetal 
head appeared to be too big visualised as a whole on screen. Only 
placentome can be visualised as a whole at this age. A) Original 
image. B) Labeled image: placentome (arrow). 
 
111 
Figure 4.21 Image recorded on day 72 (week 11) of gestation. Foetus and other 
pregnancy-related structures were difficult to be visualised on 
screen. Only placentome can be visualised as a whole at this age. A) 
Original image. B) Labeled image: placentome (arrow: →). 
 
112 
Figure 4.22 Image of pregnant doe at day 33 (week 5) of gestation. A) Original 
image. B) Labeled image: foetus (arrow: →), allantoic fluid (arrows: 
↑). 
 
123 
Figure 4.23 Image of pregnant doe at day 36 (week 6) of gestation. Foetus and 
heart were detected. A) Original image. B) Labeled image: 
embryonic sac (arrow: →), foetus (arrow: ↑) and foetal heart (arrow: 
↓). 
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Figure 4.24 Image of pregnant doe at day 36 (week 6) of gestation. C-shaped 
placentome was detected. A) Original image. B) Labeled image: 
placentome (arrow: →). 
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Figure 4.25 Image of pregnant doe at day 46 (week 7) of gestation. Foetal head, 
body (arrow: →) and placentome (arrow: ↓) were detected. A) 
Original image. B) Labeled image. 
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Figure 4.26 Image recorded at day 53 (week 8) of gestation. Foetal head (arrow: 
→) increased in size and foetal neck (arrow↓) can be detected easily. 
Foetal heart and thoracic area can be detected as well. A) Original 
image. B) Labeled image. 
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Figure 4.27 Image recorded at day 53 (week 8) of gestation. Placentome (arrow) 
can be detected and measured easily. A) Original image. B) Labeled 
image. 
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Figure 4.28 Image recorded at day 60 (week 9) of gestation. Bony structure 
becomes more echodense. Foetal head (arrow: →) can be detected 
easily. A) Original image. B) Labeled image. 
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Figure 4.29 Image recorded at day 65 (week 10) of gestation. Legs (arrows: ↓) 
and scrotum (arrow: ←) can be observed. A) Original image. B) 
Labeled image. 
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Figure 4.30 Image recorded at day 72 (week 11) of gestation. Foetal head 
(arrow: ←) and neck (arrow: ↓) became more ossified. A) Original 
image. B) Labeled image. 
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Figure 4.31 Image recorded at day 72 (week 11) of gestation. Foetal heart 
(arrow: →) and ribs (arrows: ↓) could be detected easily. A) 
Original image. B) Labeled image. 
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Figure 4.32 Image recorded at day 84 (week 12) of gestation. Foetal heart 
(arrow: ←) and ribs (arrows: ↓) could be detected easily. A) 
Original image. B) Labeled image. 
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Figure 4.33 Image recorded at day 91 (week 13) of gestation. Scrotum could be 
detected (arrow). A) Original image. B) Labeled image. 
 
134 
Figure 4.34 Image recorded at day 98 (week 14) of gestation. High increase in 
foetal heart size (arrow) as compared to two weeks earlier could be 
observed. A) Original image. B) Labeled image. 
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Figure 4.35 Image recorded at day 105 (week 15) of gestation. Foetal heart 
(arrow) started to change its echogenicity and became black in 
colour. A) Original image. B) Labeled image. 
 
136 
Figure 4.36 Image recorded at day 112 (week 16) of gestation. Foetal heart 
(arrow) increased in size (4.66 cm2) as compared to one week earlier 
(Figure 4.35: 3.75 cm2). 
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Figure 4.37 Image recorded at day 119 (week 17) of gestation. Foetal heart 
(arrow) increased in size and appeared as less echogenic structure 
(black in colour). 
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Figure 4.38 Image recorded at day 135 (week 20) of gestation. Placentome 
(arrow) have degraded and change in colour. A) Original image. B) 
Labeled image. 
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Figure 4.39 Image recorded at day 142 (week 21) of gestation. Heart achieved 
maximum size and appeared as slow beating non-echogenic 
structure. 
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Figure 4.40 Fixed foetal position for heart measurement to be made. Foetal heart 
(H) appeared as non-echogenic structure between the white dots 
(arrows) which represent ribs.  A) Original image. B) Labeled 
image. 
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Figure 4.41 Polynomial regression between placentome diameter and gestational 
age in Jermasia and Boer-crossbred does. 
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Figure 4.42 Linear regression between placentome diameter and gestational age 
in Jermasia and Boer-crossbred does. 
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Figure 4.43 Polynomial regression between gestational age and heart area in 
Jermasia does (single pregnancy). 
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Figure 4.44 Linear regression between gestational age and heart area in Jermasia 
does (single pregnancy). 
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Figure 4.45 Polynomial regression between heart area and gestational age in 
Jermasia and Boer-crossbred does (single pregnancy). 
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Figure 4.46 Linear regression between heart area and gestational age in Jermasia 
and Boer-crossbred does (single pregnancy). 
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Figure 4.47 Polynomial regression between heart area and gestational age in 
Jermasia does (twin pregnancy). 
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Figure 4.48 Linear regression between heart area and gestational age in Jermasia 
does (twin pregnancy). 
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Appendix Figure 1 Image of fluid-filled vesicle (arrow) in the uterine lumen of 
pregnant doe at day 22 of gestation, observed by transrectal 
real-time ultrasonography with a 7.5 MHz linear-array 
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Appendix Figure 2 Image of small foetus (arrow) immersed in embryonic fluid 
of a doe at day 28 of gestation, observed by transrectal real-
time ultrasonography with a 7.5 MHz linear-array transducer 
(Modified from: Padilla-Rivas et al., 2005). A) Original 
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Appendix Figure 3 Image of larger foetus (big arrow) and umbilical cord (arrow: 
←) immersed in embryonic fluid of a doe at day 34 of 
gestation, observed by transrectal real-time ultrasonography 
with a 7.5 MHz linear-array transducer (Modified from: 
Padilla-Rivas et al., 2005). A) Original image. B) Labelled 
image. 
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Appendix Figure 4 Image of heart (arrow: ←) and thorax in goat foetus at 2 
months of gestation using 5.0 MHz transabdominal 
transducer (note that the heart (H) appears as an anechoic 
structure between the white dots which represents ribs 
(arrow: ↑) (Modified from: Medan et al., 2004). A) Original 
image. B) Labelled image. 
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Appendix Figure 5 Foetal head (arrow) detected in Saanen does using 3.5 MHz 
transabdominal convex transducer (Modified from: 
Abdelghafar et al., 2007). A) Original image. B) Labelled 
image. 
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